An ice-nucleating bacterium, strain KUIN-1, was isolated from the leaves of field beans {Phaseolus vulgaris L.). Strain KUIN-1 was identified as Pseudomonas fluorescens from its taxonomical characteristics. Ice-nucleating activity was obtained when strain KUIN-1 was cultured aerobically in a medium containing Koser citrate broth (pH 7.0) for 24hr at 18°C. The icenucleating activity did not appear until the bacterial cell concentration reached 107 to 108/ml.
Recently, the study of ice-nucleating microorganisms has developed rapidly and its achievements have becomea center of attraction. Ice-nucleating active strains of Pseudomonas syringae Van Hall and Erwinia herbicola Dye have been shown to incite frost damage to corn and other plants.1>2) Losses in plant production in the United States due to frost injury are estimated at over one billion dollars yearly.^Frost injury was considered an unavoidable result of physical stress (low temperature) to frost-sensitive agiricultural plants. Anew process for freeze texturing of food materials using ice-nucleating bacterium {Erwinia ananas IN-10) was proposed by Arai and Watanabe.4'5) Recent work2'6'7) has indicated that some bacteria can act as ice-nucleating active centers and initiate the formation of ice on crop plants. Arnyl1* and Lindow2) were the first to report this phenomenon. It has also been proposed by Schnell8) that the formation of hailstones may be initiated by bacteria suspnded in the air. His work has shown that the bacteria act as nuclei for ice formation. The importance of biogenic sources of ice nucleation has becomemoreapparent with the observation that many of these nuclei^re active at temperatures as warm as -2 or -3°C, whereas nonbiological sources, such as meteoritic materials and soil particles, are ac- Liquid cultures were grown on a reciprocal shaker at 18°C, usually in 500ml flasks containing 50ml of the medium. The composition of the mediumfor culture of strain KUIN-1 was as follows: 2g of citric acid, 5g of NaCl, lg of NH4H2PO4, lg of K2HPO4, and 0.2g of MgSO4à"7H2Oin 1 1 of distilled water, with the pH adjusted to 7.0. Three loopfuls of cells grown on a Trypticase soy agar-slant for 24hr were inoculated into 50ml of the above medium. Growth were monitored by Measurement of ice nucleus content. The freezing nucleus content of the bacrerial cultures was measured by the nucleus spectrometer and procedures described by Vali.14)
A thermoelectric cold plate model TCP-12 (Thermoelectric Unlimited Inc., Wilmington, DE) was used to test the freezing point of thirty individual droplets (10 /4 each) from each dilution. The temperatures at which 10%, 50%, and 90%of the drops froze were recorded. The temperature required to freeze either 10% (T10), 50% (T50), or 90% (T90) was used as an end point.
Electron-microscopy. Specimens for electron microscopy were prepared by placing a drop of the bacterial culture (liquid) on a formvarcarbon coated grid. The preparation was negatively stained with 1% phosphotungstate. The strain was removedand the specimen was viewedunder a Hitachi H-800 electron microscope at 100kV.
Identification of the organism. The microorganism was identified by the methods described in Bergey's Manual of Electron micrograph shows a cell which was grown on Trypticase soy agar for 48hr at 18°C. 
Growth characteristics
The relationship between the growth curve and ice-nucleating activity (T50) is shown in Fig. 2 . Experiments were done over a 50hr incubation period at 18°C. Strain KUIN-1 has a generation time of 4.5 to 5.0hr at 18°C in aerated culture. After incubating for 30 hr, the organism reached a stationary growth phase. The ice-nucleating activity of the organism was unchanged regardless of its growth phase.
Ice-nucleating activity of bacterial suspensions
Freezing spectra of strain KUIN-1 obtained by a droplet-freezing method similar to that of Vali14) are shown in Fig. 3 . In Fig. 3 , the cumulative fraction of droplets frozen in each ofa series offour 10 fold dilutions is plotted as a function of decreasing temperature. The icenucleating spectrum from data in Fig. 3 are Ice-nucleating Activity.
The ice-nucleating activity was measured by the temperature required to freeze 50% (T50) of the test samples (1.8 x l08cells per ml). D, temperature; O> pH; #, growth.
i-w-~k -3 -4 -5 -6 -7 -8 -9-10 Temperature ( Cells were grown on Koser citrate broth for 24hr at 18°C and suspended in sterile water to yield suspensions of 1.8 x l09cells per ml.
(a), 1.8x 109cells/ml; (b), 1.8x 108cells/ml; (c), 1.8x 107cells/ml; (d), 1.8x 106cells/ml. The ice nucleus concentration and the fraction of cells active in ice nucleation at or above a given temperature for strain KUIN-1 calculated from data in Fig. 3 .
shown in Fig. 4 . Nucleation frequency is the fraction of cells active at a given temperature (i.e., the number of ice nuclei/cell) and is calculated as the number of ice nuclei per ml divided by the cell density (cells/ml). Ice nucleation was detected at -2.5°C in strain KUIN-1 suspension. As the temperature decreased from -2.5 to -5°C, the nulceation frequency increased from < 10~9 to about 10~4.
Strain KUIN-1produced fewer nucleation frequency than did an ice-nucleating P. syringae No. 31 suspension,6) particularly at temperatures above -5°C. The nucleation frequency of the strain KUIN-1suspensions was were found to be active in ice nucleation at -2.4 to -3.1°C. All of the bacteria examined except for the above-mentioned three bacteria were inactive. The most common Grampositive bacteria were inactive in ice nucleation. Lindow23) and Phelps24) have reported that ice nuclei are located in the outer membrance of these Gram-negative bacteria.
Recently, Kozloff and co-workers9) have shown that ice-nucleating activity in intact cells of P. syringae and E. herbicola strains is sensitive to suflhydryl reagents such as TV-ethyl maleimide, /?-hydroxy mercuribenzoate, and iodoacetamide. Weare working to characterize the molecular components of these bacterial ice nuclei.
